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SYNOPSIS: An overhead tank of 200 KL capacity and 9 m staging was constructed in year 1975 at the 
ancient historical site at Parikshatgarh, Meerut, India. The depth of foundation is 1.6 m and inner 
and outer diameters of annular raft is 6.8 m and 10.3 respectively. In year 1978, the overhead tank 
was observed to be tilted. Detailed geotechnical studies have been conducted in 1987 to find out the 
causes of tilting of the tank and tilts have been measured every month for last one year. It is 
interesting to note that inspite of severe tilt of 4.3 em/meter height the overhead tank has been 
functioning satisfactorily for last 12 years. A comparison of estimated, permissible and observed 
total and differential settlements has been made. 
INTRODUCTION 
Authors visited the tilted tank site alongwith 
a team of Engineers from U .P. Jal Nigam on 
28th May, 1986. Based on the observations and 
tests it was found that 
a. Concrete of the tank was in very good condi-
tion at all levels, the range of c~e 
strength was of the order of 200 to 250 kg/em . 
b. Soil investigation report was not available. 
c. Maximum tilt was of the order of 4.3 em/meter 
height at column No.1. 
d. There was a leakage of water from the sluice 
valve chamber which was near the tilted 
column. 
e. The slope of the ground and rain water was 
also towards tilted columns. 
The following recommendations were made for 
taking the immediate action -
1 • The collection of the water in the sluice 
valve chamber may be eliminated by shifting 
the chamber to the boundary wall of the water 
works to prevent the accumulation of water 
near the overhead tank. 
2. Soil test report should be made available or 
soil investigations should be carried out to 
find out the causes of tilting and to suggest 
suitable rehabilitation measures for the 
safety of the tank. 
3. Periodic observations of tilt, both radially 
and tangentially are to be taken by using 
plumb bob and theodolite for atleast one 
year to ascertain stability of the founda-
tion. 
A detailed geotechnical investigation programme 
was planned. 
HISTORY OF CONSTRUCTION 
The present tank is located at ancient histo-
rical site at Parikshatgarh. The small hillock 
appears to be filled up ground. 
1489 
The overhead tank of 200 KL capacity at 9 m 
staging was constructed at this site by U.P. 
Jal Nigam under Parikshatgarh water supply 
scheme in the year 1975. It has eight RCC 
columns of size 35 em x 35 em. The depth of 
foundation is 1.6 m, outer and inner diameters 
of annular raft are 10.3 m and 6.85 m respecti-
vely. Centre to centre spacing between the 
foundation ring beam is 8. 57 5 m and width of 
the annular raft is 1.725 m. It was commissioned 
in 1975. In the year 1978-79, it has come to 
notice that the overhead tank was started tilt-
ing towards one side. A sectional elevation of 
the tank is shown in Fig. 1. § LIGHTENING CONDU~ 
75 ~ 
~ 
Fig. 1 Sectiona1 Elevation of the Tank 
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It is important to note that the tank has been 
serving its function since 1975 inspite of 
tilting. 
PLANNING OF SOIL EXPLORATION PROGRAMME 
On the basis of the nature of project, it was 
decided to carry out soil exploration in 
order to 
(i) obtain soundings of penetration resistance 
by dynamic penetration test upto 10 m 
depth or refusal around the tank. 
(ii) obtain soundings of penetration resistance 
by standard penetration test in the bore 
hole towards tilting and the other sides. 
(iii) obtain soil samples, both representative 
and undisturbed (wherever necessary) for 
determining soil properties in the labora-
tory. 
(iv) observe tilt every month of all columns. 
TESTS PERFORMED AND DATA OBTAINED 
The plan of the existing overhead tank is shown 
in Fig. 2. At this site, the fallowing field 
tests have been conducted: 
OUTLET 9000mm 
-READING TAKEN BY PLUM606 
• 
SHOWING THE TILTING POSITION OF 
TOP OF COLUMN AT RING BEAM 
Fig. 2 Plan of the Tank 
Two boreholes were made upto the depth of 10 m. 
One borehole was made towards tilting side of 
the tank and another borehole was made towards 
the opposite side of tilting. The location of 
these boreholes are shown by BH 1 and BH 2 in 
Fig. 2. The standard penetration tests were 
conducted at an interval of 1 • 5 m depth as per 
Standard Specifications (IS:2131-1981). 
Three dynamic cone penetration tests with a 
50 rom cone were conducted at locations C1, C2 
and C3 as shown in Fig. 2, as per IS:4968 
Part I-1976. These tests were performed conti-
1490 
nuously upto a depth of about 10 m. 
Representative samples were collected during 
the boring from the SPT sampler and the follow-
ing laboratory tests were conducted. 
( i) Sieve analysis, liquid limit and plastic 
limit tests for classification of soils. 
(ii) Water content determination. 
Based on the results of laboratory classifica-
tion tests, the soils were classified as per 
IS:1498-1970 and the type of soil strata at 
the site is shown in Figs. 3 and 4. These 
figures show the values of liquid and plastic 
limits, natural moisture contents percentage,of 
sand and fines. The soil particles passing from 
75 micron sieve are called fines. 
DEPTH 1. S. CLASSFICATION SAND FiNES wn WLL WpL 
Cm) SYMBOL ~TCHING ( •to) (•to) (•t.) (•lo) (•t.) 
0 ~ ML-Ml l.S 22.0 78-0 19.5 35.0 23.5 
3.0 19.0 81.0 36.5 42-0 19.0 
4.S Ml 27-0 73.0 28-0 39.0 33.0 
6.0 20·0 so.o 29-5 37-0 29-0 
ML 
llllllllllll 7.S (NON- 21.0 79.0 35-5 - -PLASTIC) 
g.o 21.0 79.0 37.0 42.5 31.0 
Ml 
10.5 20.0 80.0 36.5 40.5 29.0 
Fig. 3 Bore Log at Location BH 1 
ioEPTH .S.CLASSIFICATION SAND FINES Wn WLL WPL 
(m) SYMBOL HATCHING (•lo) (•t.) (•lo) (•tol (•lo) 
u ML-Ml 1111~ 
1.5 ..lb 44-0 56.0 15.5 35.0 25.0 
3.0 32.5 67.S 18-0 34.5 29.0 
4.S ML 35.0 65.0 17.5 30-0 21.5 
6.0 20.0 80-0 20.0 31.5 21.5 
ML 
7.5 (NON- 22.0 78-0 36-0 
PLASTIC) 
':-E332-0 I Ml 4().0 36.0 n.o 11 .o 9.0 
10.5 28.0 72-0 36.0 M.O 32.0 
Fig. 4 Bore Log at Location BH 2 
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Figure 5 shows the standard penetration resis-
tance Ns of locations BH 1 and BH 2. The values 
observed at the site are shown by the zig-zag 
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Fig. 5 Standard Penetration Resistance at 
BB 1 and BH 2 
For making a comparison of dynamic cone pene-
tration resistance at tilting and nontilting 
sides, the values of Nc have also been plotted 
in Fig. 6. 
INTERPRETATION OF RESULTS 
Soil Strata 
At location BH 1 (tilting side·) the soil is 
sandy silt of low to medium compressibility 
with brickbats upto about 2.25 m depth. It is 
followed by sandy silt of medium compressibi-
lity upto about 6. 7 5 m depth, further followed 
by a 1.5 m thick layer of nonplastic sandy silt 
of black colour, underlain by sandy silt of 
medi urn compressibility. The percentage of 
sand varies from 19 to 27 percent and fines 
from 81 to 73 percent. The sand is mainly fine 
and medium. The water content varies from 19.5 
to 37.0 percent. 
At location BH 2 (nontilting side) the soil is 
sandy silt of low to medium compressibility 
with comparatively large percentage of brick-
bats upto about 2. 25 m depth. It is followed 
by sandy silt of low compressibility upto about 
6.75 m depth. It is underlain by a 1.5 m thick 
non plastic sandy silt layer of black colour. 
It is further followed by sandy silt of medium 
compressibility upto the depth explored. The 
percentage of sand varies from 20 percent to 
44 percent and fines from 80 percent to 56 per-
cent. The water content ranges from 1 5. 5 per-




DYNAMIC CONE PENETRATION RESISTANCE 'N~ 
zo 30 40 so 60 
---- C1 ( Tt LTIN G SIDE) 
-- Cz (NON-TILTING SIDE) 
12·0 
Fig. 6 Dynamic Cone Penetration Resistance at 
Cl and C2 
Ground Water Table 
The ground water table was not observed upto 
th: 10.5 m depth, in the month of Nov. 1986. 
Penetration Test Data 
Standard penetration resistance values in 
general are less towards tilting side ( BH 1 ) • 
However this difference is very large at 1.5 m 
depth. It is due to large percentage of brick-
bats present at location BH 2 at 1.5 m depth. 
The average values of Ns at BH 1 and BH 2 are 
5 and 10 respectively. 
Dynamic cone penetration resistance is also 
very poor towards tilting side (BH 1). The 
average value of Nc is about 7. 0 upto about 
6.0 m depth and only 5 below 6.0 m depth. 
Towards opposite of tilting side ( BH 2) the 
average values are 10 and 13. At few depths, 
the values are as low as 2 and 3 at locations 
C1 and C3, while the minimum value is 6 at 
location C2. 
Monitoring of Tilt 
Regular observations since May 1986 show that 
tilt has more or less stabilized. There was 
no significant increase in tilt in last two 
r~iny seasons also. It was further observed 
tli.at there was elastic rebound of 5 rnm when 
tank was emptied. The tank is still being 
monitored. 
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Design Criteria 
For satisfactory performance of foundations, 
the following criteria must be satisfied : 
a. The foundation must not fail in shear. A 
factor of safety of 2. 5 - 3. 0 is usually 
applied. 
b. The foundation must not settle by more 
than the permissible settlement. 
c. The foundation must not tilt by more than 
the permissible limit. 
IS: 1904-1978 specifies the following values of 












where L is the length of the deflected part of 
the raft. The smaller of the bearing pressure 
obtained according to (a), (b) and (c) above is 
adopted as the allowable soil bearing pressure. 
Computation of Allowable Soil Pressure 
The allowable soil pressure is computed using 
the results of standard penetration test, dyna-
mic cone penetration test and laboratory tests. 
The details of the tank (see Fig. 1 ) are as 
follows : 
Depth of foundation 1.6 m 
Outer dia of the raft 10.3 m 
Inner dia of the raft 6.85 m 
Width of the ring 1. 725 m 
Capacity of the tank 200 KL 
Staging 9.0 m 
Numbers of columns 8 
Size of columns 350 mm x 350 rom 
From Fig. 5 the average value of Ns at location 
BH 1 is only 5. 
Shear consideration 
From Terzaghi and Peck, (1967) correlations, 
unconfined compressive strength of ~e soil 
corresponding to Ns = 5 is 6. 25 t/m . Hence 
from Terzaghi's equation, the net ultimate 
bearing z:apacity of soil foundation system is 
17.8 t/m • 
Pressure at the base of the footing is 10.76 t/m2 
Factor of safety = ~~:~ 6 1.65. 
This factor of safety is less than the required 
one. 
Settlement calculations 
Settlements are calculated from Terzaghi 's 






log10 (1 + ~) Po ( 1 ) 
compression index (0.25) 
thickness of the soil layer under 
consideration 
initial void ratio of the soil mass 
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increase in pressure at the centre of the 
layer due to pressures (p) at the base of 
.footing. 
effective overburden pressure at the cen~ 
tre of the layer from the ground surface. 
0.25 X 200 
( 1 + • 9) 26.3 
Settlements are calc~lated for a pressure inte-
nsity of 10.76 t/m in the tabular form as 
given below : 
TABLE 1. Calculation of Settlements 
Layer Thick- Po /.lp AE... los;~,+~) S(em) ness Po (h) 
1 200 em 4 6.81 1.70 0.432 11.35 
2 200 em 7.2 3.92 0.54 0.188 4.96 
3 200 em 10.4 2.75 0.265 0.102 2.69 
4 200 an 13.6 2.127 0.156 0.063 1.66 
5 200 an 16.8 1. 73 0.103 0.042 1.12 
6 200 an 20 1.46 0.073 0.030 0.80 
7 200 an 23.2 1.26 0.054 0.023 0.60 
8 200 an 26.4 1.11 0.042 0.018 0.47 
Total settlerrent = 23. 65 em = 236 mn 
This settlement does not include immediate sub-
sidence due to soaking of water which is seeping 
from washout and overflow chamber towards the 
tilting side (Fig. 2). 
Probable differential settlement 3 23.65 X 4 
17.737 em 
(say 177 mm) 
177 Angular distortion= 10 , 300 = ~8 
Permissible differential settlement 1 400 X 10,300 
25.75 mm 
COMPARISON OF PERMISSIBLE, ESTIMATED AND 
OBSERVED SETTLEMENTS 
The (nearly) estimated, observed and permissible 
values of differential settlements and angular 















The following may be the possible causes . 
of tilting of this water tank. 
Non-uniformity of water content 
It was found that the percentage of water con-
tent was higher upto a depth of 6. 0 m towards 
tilting side than that on the opposite side. 
Most probably it is due to seepage of water in 
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the ground from washout and overflow chamber 
and the drain. These sources of seepage were, 
existing towards tilting side. 
Non-uniformity and inadequacy of soil resistance 
The overall soil resistance was also found very 
poor towards tilting side of the tank. It is 
probably due to higher water content at tilting 
side which in turn is probably due to seepage 
of water as mentioned above. The strength of 
plastic and cohesive soils is decreased signi-
ficantly due to increase in water content. The 
resistance of the soil, opposite to the tilting 
side is twice the resistance on tilting side. 
The factor of safety of 1.65 against shear 
failure of soil foQndation system is also 
inadequate at the tilting side. 
Suggestions are invited for correcting the tilt 
and strengthening the foundation if necessary. 
CONCLUSIONS 
Based on the findings of field and laboratory 
tests carried out at the site, the following 
conclusions are made: 
1. The soil at the site is sandy silt of low 
to medium compressibility (ML-MI). There 
are brickbats also in the soil, the per-
centage of brickbats are more towards 
opposite of tilting side and upto a depth 
of about 2. 25 m below the ground level, 
where as depth of foundation is 1 . 6.m. 
2. The ground water table was not met upto 
the depth explored i.e. 10.5 m in the 
month of Nov.1986. Water content was found 
to be more towards tilting side than the 
other side. It is perhaps due to seepage 
of water from washout and overflow chamber 
and drain in the near past. 
3. Penetration resistance, recorded by 
SPT.and DCPT is poor towards tilting side. 
Average value of standard penetration 
resistance (Ns) is only 5 at location BH 1 
and is 1 0 at the location BH 2. At few 
depths towards tilting side the dynamic 
cone penetration resistance values (Nc) 
are as low as 2 and 3. 
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4. The possible causes of tilting of water 
tank is due to (i) higher water content in 
the soil mass towards tilting side and 
( ii) non-uniformity and inadequacy of the 
soil resistance on tilting side. 
5. It is felt that the permissible tilt of 
1/400 is too stringent a limit for R.C.C. 
overhead tanks as it may not create serious 
eccentricity. The above tank is still 
functioning inspite of tilt of 1/23 for 
the last 12 years. 
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